Objective: Hospital-acquired pneumonia (HAP) is associated with high mortality and is the second most common nosocomial infection. The aim of this study was to calculate the incidence and to identify potential risk factors for HAP in an emergency ward for surgical patients admitted because of acute abdomen or trauma. Design: A structured review of medical records was conducted. Patients diagnosed with pneumonia >48 h after admittance, were compared with a randomly chosen age-matched reference group. Ten variables judged as potential risk factors for HAP were studied in 90 patients. Setting: An emergency ward for surgical patients with acute abdomen or trauma at an Univerity hospital in Sweden. Participants: A total of 90 patients with HAP and 120 age-matched controls were included. Main Outcome Measures: Risk factors for HAP in patients at a surgical clinic. Results: Of a total of 10 335 admitted patients, during 4.5 years the hospital stay was longer than 48 h in 4961 patients. Of these 90 (1.8%) fulfilled the strict criteria for HAP. Potential risk factors were suspected or verified aspiration (odds ratio (OR): 23.9) that was 2-fold higher than immobilization (OR: 11.2). Further, chronic pulmonary obstructive disease (COPD)/asthma, abdominal surgery and gastric retention/vomiting were risk factors for HAP. Conclusion: Verified or suspected aspiration was the dominating risk factor for HAP but also immobilization was frequently associated with HAP. Various established preventive measures should be implemented in the nursing care to reduce the frequency of HAP.
Background
About 7% of the hospitalized patients in developed countries will acquire healthcare-associated infections. Therefore, World Health Organization (WHO) states that infection control is a vital part of patient safety improvements and requires a wide range of actions and to improve the quality in healthcare in general by identifying risk factors [1] . Healthcare is changing toward greater specialization, and surgical wards are intended for the most severely ill patients often with complex care needs. More patients with additional comorbidities are accepted for elective surgery at older age than previously with an increased risk for postoperative complications [2, 3] . By definition, hospital-acquired pneumonia (HAP) should be diagnosed in the hospital later than 48 h after admittance [4] . It should be separated from community-acquired pneumonia (CAP), which means diagnosis of pneumonia within 48 h after admittance [5] and ventilator-associated pneumonia in intensive care units. This is a subset of HAP that occurs in mechanically ventilated patients >48 h after tracheal intubation [4] . In 2005, another entity of pneumonia was described in patients who recently had been in contact with the healthcare system. It was called hospital care acquired pneumonia (HCAP) [5] . It was proposed that HCAP should be treated with therapy for drug-resistant pathogens [6] . However, this has been criticized and the term HCAP is now controversial [7] . It is no longer recognized as a clinically independent entity and has been removed from the guidelines of IDSA [6] .
HAP is the second most common nosocomial infection after urinary tract infection but the most dangerous with highest mortality [4, 8] . Recently, a mortality of 9.2% was reported in HAP [9] . In a study from all hospitals in Sweden based on~19 000 medical records using structured review of randomly selected medical records with the Global Trigger Tool method [10] the incidence of pneumonia was 1% [11] . In that report, patients with a hospital stay of <48 h were also included. Previous publications have identified various risk factors for HAP as high age, smoking, chronic pulmonary disease, multi-trauma and poor general condition [8, 12] . Further, patients with HAP and positive isolations of Staphylococcus aureus more often had a history of diabetes mellitus and liver cirrhosis [13] . A surgical ward for emergency cases may be at high risk for various hospital-acquired adverse events including HAP. It has, however, not been possible to find previous publications on that topic. The aim of the present study was therefore to calculate the incidence and analyse potential risk factors for HAP in an emergency ward for surgical patients with acute abdomen or trauma.
Methods

Design
The study was based on a retrospective and predictive design.
Patients and methods
During September 2008-May 2013 some 10 335 patients were admitted to the emergency ward of patients with acute abdomen or trauma at the Linköping university hospital, Sweden. The hospital stay was >48 h in 4 961 patients. The diagnosis of pneumonia (J 18, J 69, according to ICD 10) was found in 266 patients. Their medical records were reviewed and 90 patients fulfilled the criteria for HAP i.e. diagnosis 48 h after admittance, verified by X-ray, body temperature above 38°, increased C-reactive protein in plasma and leucocytosis. The excluded patients received their diagnosis of pneumonia within 48 h after admittance or were transferred from another department. As reference group 120 age-matched patients were randomly selected of which 45 were excluded due to short stay in hospital (<48 h) or to transfer from another department. Accordingly, 75 patients served as a reference group (Fig. 1) . Characteristics of the included patients are presented in Table 1 .
Data collection
A standardized case report form for retrospective record review was used to collect data from The Cambio Cosmic system [14] for medical records by a nurse practitioners. Potential risk factors were obtained from the literature; 'abdominal surgery,' 'gastric tube,' 'ventilator in ICU [15, 16] ,' 'gastric retention/vomiting,' 'suspected or verified aspiration [17, 18] ,' 'cardiac insufficiency,' [12] 'chronic pulmonary obstructive disease (COPD)'/'asthma' [19] and by the accumulated experience of the authors. 'Dementia,' 'impaired autonomy' and 'mental insufficiency' were used only when they were clearly documented in the medical record. 'Immobilization' was applied when a patient did not be out of bed during 24 h. Suspected and verified aspiration was difficult to separate and therefore analysed together. 'The Reaction Level Scale (RLS)' [20] , Score 1-8, was used to evaluate degree of consciousness (Table 2 ) and is used in Scandinavia instead of Glasgow Coma Scale. In addition, 'gender' was implied as a potential factor. Age could not be considered as a potential risk factor in this study because the patients groups who were compared were age-matched. The selected variables were standardized and written definitions were available when the records were reviewed.
A test of the inter-rater reliability was carried out by two of the authors, a nurse practitioner (M.S.) and a surgeon (R.S.) in the first 10 patients with pneumonia. It showed that M.S. and R.S. had 100% 
Statistical analysis
Parametric data are reported with frequency, percent, mean value (m) and standard deviation (SD). Non-parametric data are reported with frequency and percent. Simple logistic regression analysis was used and each non-dependent variable was analysed together with the dependent variable pneumonia. This is reported as P-value and odds ratio (OR). The accepted level of significance was P < 0.05. The statistical calculations were done with IBM SPSS Statistics version 20 (2011).
Results
According to the ICD-codes in the case records pneumonia was reported in 266 patients in the emergency ward of surgery (2.6%) of 10 335. But, 176 of them were excluded because they were diagnosed within 48 h after admittance or transferred from other departments. According to the strict definition, HAP was diagnosed later than 48 h in 90 patients i.e. in 0.9% of all patients (n = 10 335). Among 4961 patients with a hospital stay of >48 h pneumonia was diagnosed in 1.8%. In the HAP group, there were significantly more men than women (P = 0.025) ( Table 1 ). There was no difference between the HAP group and the reference group regarding mean age (P = 0.61). Twenty-one patients above 85 years were found in the HAP group (23.3%), and 18 patients in the reference group (24.0%). No differences were found between the groups regarding degree of consciousness or dementia.
In Table 3 various factors associated with HAP are shown. Suspected or verified aspiration was significantly increased in the HAP group (P < 0.001, OR: 23.9) compared with the reference group. Also immobilization occurred significantly more often in the HAP group (P < 0.001, OR: 11.2). Gastric tube was associated with HAP (P < 0.001, OR: 3.5) as was abdominal surgery (P < 0.001, OR: 3.2), gastric retention/vomiting (P = 0.012, OR: 2.2) and COPD/asthma (P = 0.05, OR: 3.7).
HAP was diagnosed between 2 and 35 days after admittance (median value 4 days) and between 1 and 24 days after abdominal surgery (median value 4 days).
Factors that were not more common in the HAP group compared with the reference group were previous treatment in ventilator or cardiac insufficiency. Unfortunately, smoking and postoperative gain in weight due to overload of intravenous fluids had to be excluded due to inadequate documentation.
Discussion
The main finding in this study was that verified or suspected aspiration dominated among the potential risk factors for HAP. It was 24 times more common in the HAP group in comparison with the reference group. Immobilization as well as abdominal surgery was also more common in the HAP group, which is in agreement with previous reports [21] [22] [23] . The frequent presence of gastric tube in the HAP group may be surprising as it is appreciated as protective against gastric retention, vomiting and aspiration. However, patients who receive a gastric tube may already have vomited or shown signs of gastric retention implying that they may have aspirated gastric contents already before the tube was inserted. A gastric tube in correct position is probably not a risk factor by itself but, when being in wrong position it can of course not prevent vomiting and possibly increase the risk of vomiting instead [15, 16] . Gastric retention is often associated with postoperative overload of fluids but the documentation of body weight in the records was unfortunately inadequate, which prevented any evaluation of this important adverse event.
Our study did not show any increase in the HAP group in comparison with the reference group regarding the mean age or age above 85 years indicating a successful age-matching. However, it has previously been shown that higher age than 85 years is a risk factor for pneumonia overall and HAP [24, 25] . HAP was significantly more common among men than in women in the present study, which also has been shown in a previous study [19] . Smoking may be a possible explanation to this difference in gender but the Standard error (SE). medical records did not contain enough information in the present study about smoking habits. The incidence of HAP was somewhat lower than expected but previously it has been reported that it is frequently under diagnosed [26] . When the prevalence was measured during one certain day in all hospitals in Sweden (point prevalence measurement) a three times higher rate of HAP was reported in our department but it has not been verified whether the strict definition of HAP was used. The strict definition of HAP used in our study may contribute to the low number as approximately two-thirds of the patients with the diagnosis of pneumonia were excluded. A recent study in 1302 patients older than 65 years in acute medical, orthopedic and geriatric wards revealed an incidence for HAP of 5.8%. The risk of HAP was 0.3% per day in hospital [27] . In a large study of patients undergoing abdominal surgery postoperative pneumonia was diagnosed in 1.5% [28] . In another large study 1.5% had postoperative pneumonia after major non-thoracic surgery. The 30-day mortality in that group was 21% [29] . There might be a role for inter-hospital comparisons regarding the mortality of HAP as it has been shown to be of value for CAP [30] .
A potential weakness of this study was the retrospective analysis of medical records, which was dependent on adequate documentation performed by many nurses and surgeons. Unfortunately, the documentation was inadequate of smoking habits and the occurrence of postoperative fluid overload, which are well-known risk factors for pulmonary complications. Another potential weakness was lack of information regarding the oral status of the patients, as inadequate oral toilet probably is associated with an increased risk of lower respiratory tract infections. Strength was that the diagnosis of pneumonia relied on radiologic verification and that all patients with HAP were reviewed during the time of the study by one experienced nurse practitioner. It has, however, been reported that hospitals should be cautious to use indicators based on administrative data for quality assurance [31] . Furthermore, the randomly selected reference group did not differ from the HAP group regarding age and gender. Another strength was that some of the risk factors for HAP that we found in this study, in a department of surgery can be applied also nation-wide within other specialties.
In addition, this study identified deficiencies in the documentation in the patient records regarding smoking habits and weight gain. An enhanced documentation of these previously documented risk factors for HAP can help clinicians to improve the patient care.
To prevent HAP special measures could be performed if a risk group might be identified. In the national survey of hospitalacquired infections the incidence of pneumonia (1.7%) [32] corresponded to our study. A suggestion is that the risk group should comprise patients with severely impaired general condition, or patients spending all time in bed, or abdominal surgery for >2 h, or vomiting, or suspected/verified aspiration, or particularly, if there is a combination of some of these characteristics. As mentioned before other studies have reported that patients older than 85 years are at risk for HAP [8, 12, 24, 25] .
Promoting patient safety by identification of risk factors i.e. surgical site infections can be done in different ways. Risk assessment by proactive tools like The Socio-Technical Probabilistic Risk Assessment (ST-PRA) that can determine the failure points in a system that are the greatest contributors to the outcome of interests have been considered as useful [33] . On the other hand, measures of early warning scores only weakly explained length of stay (LOS) and mortality. LOS and mortality was more associated with the way in which the healthcare professionals perceived and reacted on the risks [34] . Though, risk evaluation and control seems to rely on both models and human judgment.
Relevance to clinical practice
The nursing staffs represent a predictive factor in patient outcomes [35] and a delivery of high-quality care is depending on the nurses' knowledge, experience and priority.
According to the present study, suspected or verified aspiration is the most important risk factor [17, 18] . Possible measures against HAP may thus be prophylaxis against aspiration as elevated position of the upper part of the body when the patient is lying in bed, [36] engaging a physiotherapist in mobilization and respiratory training, avoidance of gastric retention by avoiding fluid overload and the use of a gastric tube. The patients should always be sitting when eating and oral toilet should be performed when necessary [24] . Prevention and treatment of aspiration seems to be crucial and immediate treatment with antibiotics should be considered not only after verified but also after suspected aspiration. It is a challenge to implicate the findings in our study with preventive measures but they are now under progress and promising results have been achieved. Based on the results in this study we developed an algorithm for clinical use to identify risk patients and take preventive measures. In the emergency ward, 6 patients were diagnosed with HAP during the first 6 months in 2015 compared with 20 patients during corresponding time in 2014.
Conclusion
Verified or suspected aspiration was the dominating risk factor for HAP but also immobilization was frequently associated with HAP. 
